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SYNOPSIS: Performance of a surface-treated crushed rock pavement, 250 mm thick and placed over a weak
subgrade, is predicted using mechano-lattice analysis and the results are compared with actual
performance after the passage of the equivalent of 800 000 standard axles. Input is in terms of the
deformation characteristics determined from repeated loading triaxial testing. Performance is
measured in terms of pavement profile, roughness and permanent deformation or rutting. Predicted
straight-edge rutting was within the range of values measured in the field. The measured profile index
and roughness count were consistent with a pavement showing little deformation over its initial six
years of service. Considering the possible field variation of material properties over the evaluation
period and the single set of input data the results indicate the applicability of the mechano-lattice
method for the prediction of the performance of crushed rock flexible pavements.
INTRODUCTION
Space precludes a detailed description of the
analysis. The method is a type of finite element
method but, unlike other available methods, it
utilises the elasto-plastic properties of the
constituent materials rather than elastic
behaviour only, as do most other methods such as
VESYS. It takes into account the loading and
unloading moduli of the various materials.

The mechano-lattice method of analysis has been
described extensively by Yandell and his coworkers (eg Yandell 197la,b; Smith and Yandell
1986a,b, 1987). The method was developed by
Yandell to investigate hysteretic sliding
friction, and to predict the behaviour of
elasto-plastic roads during repeated rolling.
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stress of 450 kPa and a lateral stress of
150 kPa with a 3 sec loading cycle. The
permanent deformation was found to be 0.12 mm
after 22 000 cycles in a 200 mm high specimen
(Fig. 2).

A longitudinal section of a mechano-lattice
simulation of a pavement is given in Fig. 1. The
hysteresis loop at the bottom of the figure was
formed by plotting sequential load-deflection
values through positions A,B,C,D,E,F and G of a
vertical element in one particular unit. A
similar but more complex task is performed by
the computer after each cycle of element lengthload calculations. The forces at each joint are
resolved into vertical, longitudinal and lateral
components, and the joint is then moved in a
damped manner in the direction of the unbalanced
forces. The calculation damping factor is
proportional to the largest force that is
instantaneously out of balance at any free
joint. This process is continued until all out
of balance forces at free joints become
insignificant. This now generally occurs after
around 400 . computational cycles. After convergence, and after stresses have been calculated,
the wall of units on the right of Fig. 1 is used
to give the initial condition for the next
simulation wheel pass. The above process is then
repeated until a total of 32 load-deflection
histories is followed for each mechano-lattice
unit.

The imported subgrade was tested at 95% of
maximum dry density using standard compactive
effort which was close to the construction
·figure. The long-term load/deformation data were
determined at a vertical stress of 85 kPa and a
constant lateral stress of 30 kPa. Testing was
carried out at two moisture contents, namely
9.2% which was probably lower than the field
moisture cor.tent, and 14% which was close to the
moisture content at compaction in the field.
Because of poor drainage in the area it is
considered that the field condition approximated
the higher moisture content and remained fairly
constant over the six year evaluation period.
The long-term load/deformation behaviour was
0.07 mm in 36 000 cycles for material compacted
at ·a moisture content of 9.2% and 0.60 mm in
22 000 cycles for material compacted at a
moisture content of 14% (Fig. 3). Specimens were
100 mm high.
Whilst the natural subgrade was not modelled in
the computer simulation its behaviour is
presented here for completeness. It was also
compacted at 95% of maximum dry density using
standard compactive effort as this approximated
·the field condition. Long-term load/deformation
data were determined. at a vertical stress of
66 kPa and a static lateral stress of 30 kPa.
Testing was carried out at a moisture content of
11.6% which was close to the expected service
moisture content. The permanent deformation was
found to be 0.35 mm in 40 000 cycles in a 100 mm
high specimen (Fig. 4).

THE PAVEMENT
The pavement consisted of 250 mm of crushed rock
overlying an imported subgrade having a nominal
4-day soaked CBR value between 2% and 4%. The
latter material was imported because the natural
subgrade was too variable and it was considered
that a 200 mm layer of material having a
uniformly low CBR would be more appropriate for
evaluation purposes. The full construction
details and an evaluation of the initial service
life of the pavement, after the passage of the
equivalent of 250 000 standard axles (esa), have
been given by Smith (1984, 1985, 1986).

The deformation data were then plotted on a log/
log plot and extended to the estimated number of
wheel passes to the date of evaluation.
Appropriate unloading moduli were assumed based
on the relative plasticities of the pavement
materials. In this case the mechano-lattice
input data were those used to predict performance after the passage of 250 000 esa (see Smith
and Yandell, 1986c). Appropriate values were
also assumed for use in the model for the semiinfinite layer - in this case the imported subgrade. Such a calculation expedient is used to
keep the computer time to a minimum without
affecting the overall accuracy of the predictions. The mechano-lattice input data are
presented in Table I.

The 130 m long pavement was constructed in 1981
as one of six experimental pavements. Electrical
resistance strain gauges were installed to
measure longitudinal strain under the transient
load (8.2t standard axle) but they failed after
the passage of the equivalent of 40 000 standard
axles. The pavement was assessed periodically
using a profilograph, NAASRA roughness meter,
and visual assessment. Rutting (permanent
deformation) was determined using a 1.2 m
straight-edge and by level surveys.
The evaluation reported in this paper covers the
period from construction in 1981 to the completion of an ·estimated 800 000 esa in mid-1987.

TABLE I. Mechano-lattice Input Data (after
Smith and Yandell, 1986a)

The climate in the area is temperate with warm
to hot summers and mild winters.

Material

Moisture
Content
(%)

Crushed
Rock

4.5

0.30

202

204

Imported
Subgrade

14.0

0.20*

43

207

MATERIAL PROPERTIES
The crushed rock was tested at 4.5% moisture
content and 95% of maximum dry density using
standard compactive effort. -These conditions
approxim!.t ed the field conditions at compaction
and were considered to represent the service
condition over the ensuing six years. Long-term
load/deformation behaviour was determined under
repeated loading conditions using a vertical
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distress other than slight bleeding of the seal
were found. TWo further roughness surveys were
conducted. In February 1986 an abnormally low
value of 26 C/km was recorded whilst in July
1986 (650 000 esa) the count was 57 C/km.

FIELD PERFORMANCE
Field performance was measured in .terms of
pr·ofile index, NAASRA roughness, visual
assessment, and rut depth based on survey level
data and 1.2 m straight-edge values. The two
methods of rut depth prediction both provide a
measure of the depth of the rut in the wheelpath
relative to the untrafficked part of the
pavement. In the case of the 1.2 m straight-edge
any deformation (such as heaving or shoving)
within the length of the straight-edge is
incorporated in the measurement. In the case of
the survey data the datum for each day of
measurement was the mean .of the values at the
centre-line and and of the values on the pavement 300 mm from the pavement edge. The mean
value for each of the wheelpaths was then
subtracted from the datum. These values were
then used to determine the progress of rutting
over time. This method is unlikely to include
permanent deformation other than the gradual
decrease in the level of the wheelpath unless
shoving in the wheelpaths becomes quite
signifi cant and affects the values used in
determining the datum.

Three profilograph surveys were undertaken and
confirmed the initial 1.2 m rut depth surveys in
that the values in the outer wheelpath were
lower than those in the inner wheelpath. The
values remained fairly low throughout the
period. At construction the average profile
index was 308 mm/km in the inner wheelpath and
285 mm/krn in the outer wheelpath. After the
passage of the equivalent of 110 ooo esa the
average profile index was 474 mm/km in the inner
wheelpath and 252 mm/krn in the outer wheelpath.
After the final survey at 510 ooo esa the index
was 323 mm/krn in the inner wheelpath and 192
mm/krn in the outer wheelpath.
The rut depths calculated f~om the survey data
were somewhat difficult to interpret. This is
considered to be partially due to the swelling
nature of both the imported subgrade and the
heavy clay subgrade and the fact that the
measured differences in the levels over time
were almost within the order of accuracy of the
survey in which levels were measured to the
nearest 1 rnm. The results indicated that the
increase in rutting was very gradual and for the
passage of at least the first 500 ooo esa
rutting of 2 to 4 mm was experienced in both
wheelpaths. Data are too incomplete to attempt
to determine change in the rut depth over the
ensuing 300 000 esa.

On most occasions the visual assessment was
performed at the same tim~ as the roughness
survey. The initial visual assessments included
measurement of the rut depth to the nearest rnm.
Later surveys only included band wi dths because
of the difficulty of accurately measuring a rut
depth, particularly over a chip seal surface. In·
the latter case the minimum band was 0 to 10 rnm.
Roughness data are presented in Table II.

TABLE

II.

These assessments all show that whilst rutting
and deformation are no doubt occurring the
degree of deformation is relatively minor and
the pavement has considerable service life left.
This is reinforced by the fact that the
roughness even after the passage of the
equivalent of 650 000 was at level of the order
of the desirable initial roughness required of a
heavy duty pavement.

NAASRA Roughness

Date

160981
050783
211283
110286
150786

Roughness
(C/krn)
62
53
60
26
57

COMPARISON BETWEEN PREDICTED AND FIELD BEHAVIOUR
Rut Depth
In the mechano-lattice analysis the rut · depth is
calculated by plotting the predicted rut depths
after each calculation rolling pass and
extending the line through these points (a
log/log plot was appropriate in this case) until
the point corresponding to the required number
of standard axles is reached (800 000 in this
case). The point is determined from the residual
strain (R) from the loading and unloading
modulus used as input in the model, and the
calcula ted cumulative strain (S) extrapolated
from the repeated loading test . The number of
calculation passes to reach 800 000 esa i s then
determined by dividing the residual strain by
the cumulative strain (ie 5/R). In this case the
appropriate number of calculation passes was 90.
The prediction for the absolute rut depth is
given in Table III. It had been ascertained by
plotting the rut profile after the third
calculation roll i ng pass that ·the 1.2 ·m
straight- edge was only 75% of the absolute rut
depth as the pavement was calcula ted to .drop
0.1 mm af ter the third· calculation rolling pass.

When the first visual assessment was performed
in July 1983 (250 ooo esa) the average 1.2 m rut
depth was 2 mm in the outer wheelpath (standard
deviation [sd] = 2.0) and 4 mm in the inner
wheelpath (s·d = 2 . 4). The roughness had dropped
slightly from an initial value at construction
of 62 Counts/krn (C/krn) to 53 C/krn. Li ttle change
was observed up to December 1983 (300 000 esa)
although ·there was a perceived drop in 1.2 m rut
depth in both the outer (mean = 0 . 4 mm;
sd = 0.6 mm) and inner (mean = 2 mm;
sd = 1.5 mm) and a slight increase· in the
roughness to .60 C/krn.
Visual surveys were also carri ed during 1985,
1986 and the last in September 1987
(approximately 800 000 esa"). Each time ·it was
repor ted t hat the pavement was in good condition
with 100% rutting 0 to 10 mm deep in e ach wheelpath. No ·pot- holes, ·cracking or ot her signs of
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relatively consistent roughness and rutting
results it is considered that the strain results
would remain fairly consistent over the
evaluation period.

TABLE III. Determination of Absolute
Rut Depth at 800 000 esa

Calculation
Rolling
Pass

Calculated Absolute
Rut Depth (mm)

Rebound Deflections
For a discussion of the predicted rebound
deflections at 250 000 esa the reader is
referred to Yandell and Smith (1986c). Smith and
Hewitt (1984) discuss the problem of applying
correction factors for cyclic variations in
deflection measurements, in the general
area of the study, even where accurate rainfall
and evaporation data are available.

0.2
0.3
0.4
3.5

1
2
3

90*

*equivalent to 800 ooo esa (see text)

DISCUSSION

The absolute rut depth predicted after the
passage of the equivalent of 800 000 esa
(3.5 mm) was only 0.5 mm greater than that after
the passage of the equivalent of 250 000 esa
indicating that the progress of rutting was very
gradual. The 1.2 m straight-edge rutting was
found to be between 2 mm and 4 mm at 250 000
with a predicted value of around 2 mm. At the
equivalent of 800 000 esa the predicted value is
around 2.6 mm. Although the field observations
provided a 0 to 10 ~ rutting bandwidth in the
observations during the latter part of the
evaluation period, the consistent roughness and
profile values over the service life would
indicate that the rutting and deformation had
not increased markedly over the life of the
pavement to date. In line with this it is
considered that the 1.2 m straight-edge values
would be at no more than the middle of the band
width (ie no more than 5 mm).

The significance of these predictions is not so
much in the fact that they were close to the
field results but rather that they predicted a
very slow deteriorat·ion in pavement performance
and, that this relatively thin pavement placed
over a weak imported subgrade would have a long
service life. It is doubtful whether anyone who
was involved with the design and construction of
the experimental pavements would have predicted
that it would have provided in excess of six
year's service and be successfully subjected to
the passage of at least 800 000 esa. Even after
the passage of the equivalent of 250 000 esa one
would have been considered to be optimistic in
predicting a long service life for this
pavement.
No doubt the accuracy of the predictions can be
improved by using a greater range of input data
and taking account of moisture variation in the
subgrade. One could also perform a sensitivity
analysis to ascertain the impact of the
variation of the material properties on the
predictions. In this case it is considered that
further runs are not warranted as the results
are probably for a "worst" case situation and as
they predict a long service life further
analyses are not warranted. Such is not the case
for the thin (100 mm) crushed rock pavement
reported by Smith and Yandell (1986b,c) where
the mechano-lattice rut depth predictions were
significantly higher than the measured values.
In that case further refinements of the input
data would be warranted.

Transient Longitudinal Strain
The strain gauges failed after the passage of
the equivalent of 40 000 esa so it is not
possible to make comparisons later in the
service life. Smith and Yandell (1986b,c)
compared the results at the time of failure with
predicted values after the passage of the
equivalent of 250 ooo esa·. Results are presented
in Table IV. All values are in tension.
TABLE IV. Predicted and Measured Transient
Longitudinal Strain under Loading
(after Smith and Yandell, 1986b,c)

CONCLUSIONS
Gauge Depth
(mm)

Field Values
at 40 000 esa
(microstrain)
mean
sd

Predicted Values
at 250 000 esa
(microstrain)

125

-1290

61

-400

250

-1915

650

-750

In this study the mechano-lattice method of
analysis has been shown to accurately predict
the rutting of a relatively thin (250 mm)
crushed rock pavement placed over a weak
subgrade. More importantly the mechano-lattice
analysis predicted that pavement performance
would only reduce very slowly and would still
be providing good service after the passage of
the equivalent of 800 000 esa. The predictions
were confirmed by the field measurements.
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